We have, however, interfered with the flow of the translation by admitting some intrusions that we felt would assist anyone wishing to follow Vesalius' account closely. First, we have inserted in brackets the modern anatomical name of each part mentioned by Vesalius, using as our guide the current edition of Nomina anatomica,7 the last vestige of Latinity in the modern science of anatomy. This identification compelled us to make the best possible sense of Vesalius' account, and the resultant signposts will be useful to any reader trying to reconstruct what Vesalius saw when he dissected the larynx. Other signposts have been brought in selectively; some of the references to text figures placed in the gutters of the original are included parenthetically. Instead of paragraphing, Oporinus placed topic headings in the outside margins; we have turned the most useful of these into sub-headings in the text, following modern typographical convention.
Finally, we avoided the temptation to turn our translation into an up-to-date text for modern students of basic anatomy. We do not wag our professorial finger to correct our author when we believe he is wrong, and we do not explain where we believe he has been incomplete. Our footnotes give background information on persons mentioned, Greek terms employed, and other matters that we think will be of interest to the reader.
For this translation of De humani corporisfabrica libri septem, we used a facsimile of the 1543 edition published by Culture et Civilisation, Brussels, 1964, The bone included in the most prominent part of the larynx, but built up of various and numerous ossicles, is represented by a name implying unity; some call it hypsiloeides from the shape of the letter v, others more succinctly hyoeides: those without experience in dissection, misled by this term, have translated it in Galen as "the bone resembling a pig",.12 This bone is named elsewhere lambdoeides ["lambda-
shaped"] from the image of A; interpreters deceived by this name have become accustomed to translate it as the lambda-like suture of the head. But I for my part have recently removed errors of this sort from both Italian and German translations of Galen into Latin. Herophilus'3 is also said to have called this bone parastates ["companion"] , perhaps because it is located next to the tongue, or the larynx, or the jaws, just as in the organs serving generation he calls certain items "the varicose companion" [i.e. spermatic duct] and "the glandular companion",.'4 Moreover, there 9 Subscript numbers refer to the first and second figures see p. 7 below. 10 Ossified portions (?) (infrequent) ofligamentum stylohyoideum; more likely, this figure was drawn from a specimen of the canine hyoid bone and apparatus in which the cornu minus is connected to pars tympanica, va'ina processus styloidei, by a series of ossicles unlike the ligamentum stylohyoideum of the human.
1 Apparently a misprint: these illustrations appear in Chapter 21. 12 Because in Greek hys or sus means "pig". 13 Herophilus was a medical writer from Chalcedon (4-3 century BC) frequently cited by Galen. The word napacaT&tilq generally means "comrade", and is applied to the spermatic ducts as well as the hyoid bone.
See May, op. cit., note 1 above, p. 26.
14 For which see Galen, De usu partium 4.190.3ff., May, p. 644 . References to the Greek text of De usu partium will be as given in the Thesaurus Linguae Graecae and the TLG Canon of Greek authors and works, 3rd ed., New York, Oxford University Press, 1990, followed by a page reference to M. T. May's translation, op. cit., note I above. 
Q4q
Plate A: The hyoid bone.
are some who, because it is located in the jaws, have called it the pharyngetron.15 I have made it my practice throughout to name this "the bone resembling a u", or in a briefer word the hyoid.
MIDDLE OSSICLE OF THE HYOID BONE
The human has this bone quite differently constructed than the quadruped, which until now we have dealt with, and it16 is the broadest ossicle of the hyoid bone, both swelling outward and jutting forward with an individual protuberance; but inside, or in the posterior seat, it is hollow. In the anterior seat, it is indented on top as in an elongated depression, for a shape evidently suitable to it, and because of muscles and ligaments attached to it. For on the upper depression are implanted the third and fourth peculiar muscles [musculi geniohyoidei] of this bone; clearly visible in this location near the sides of the protuberance which are somewhat hollowed in a bulging place, the first two particular muscles [ to the superior sides of the hyoid bone, are not always observed in an equal number, as quite often they are seen three or four on each side. From time to time, however, especially in women, we have seen these ossicles20 and the upper sides missing altogether, and in their place a certain rounded, strong, elongated ligament [I. stylohyoideum] attached to the hyoid bone and the stylus-like process. This has often been called to my attention by my good friend Realdo Colombo,21 now a professor of sophistic at Padua, a most diligent student of anatomy. The hyoid bone is therefore neither free-floating nor contiguous to any bone, as the superior sides connected to the temporal bones show. The lower sides also, attached by a ligament [membranea thyrohyoidea] to the processes of the shield-like cartilage, attest to the same fact. For the cartilages of the larynx, like the cartilages of the ribs, perform the function of bones and are counted in the class of bones, which has a bearing on their contiguity.
HOW THE HYOID BONE IS STRENGTHENED; ITS USE
Inasmuch as the hyoid bone rests on no base as firm as the other bones, we shall explain in Book Two that it is pulled easily into every variety of position by its own muscles, but in such a way that it can be dislocated from its place neither laterally, nor vertically, nor forward or backward. And though in humans it happens to be extremely small, it performs the greatest and most numerous functions; these will be explained when we show that several muscles of the tongue [mm. hyoglossi] originate from it, that it is placed beneath the tongue like a foundation and very steady base, and that certain beginnings of the muscles of the larynx [mm. thyrohyoidel] extend from it. 19 The 1555 edition omits this reference to quadrupeds, and adds that ossicles L, M, and N in figure 1 The second figure delineates the posterior face of the trunk of the rough artery. It would have been beside the point to draw in the series of branches reaching into the body of the lung for this figure as for the first, since the first figure presents it abundantly.
An index [follows] of the thirteen figures which are set forth here in order, and their letters.
The first of these figures, marked 3, shows the first cartilage [cartilago thyroidea] of the larynx from the right side; because it resembles a shield we will also call it the shield-shaped (scutiform). The figure which is fourth in order displays the inner or posterior face of the same cartilage. In the fifth is drawn the same cartilage in the outer or anterior face. The sixth represents the anterior face of the second cartilage [cartilago cricoidea] of the larynx. The seventh has the second cartilage of the larynx shown from the right side. The eighth presents the second cartilage of the larynx depicted from the posterior face. In the ninth is drawn the third cartilage [cartilago arytenoidea] of the larynx from the right side.22 In the tenth appears the anterior aspect of the third cartilage. The eleventh shows the same cartilage in its posterior face. The twelfth shows the lower [dorsal] figure 2. the muscles in the following book by the omission of bones and cartilages here. In the sixth book we will explain how the rough artery is led down from the pharynx into the bulk of the thorax and spread out by a multiple growth of branches [bronchi] into the lungs, so as to bring them air and take it out again. Not only do we depict this as an instrument of respiration, but also we will declare that it is the principal organ of the voice and then explain in exact detail the nature of its substance. For it is composed in part of cartilages, in part of ligaments and of simple membranes or tunicae, and finally of muscles peculiar to its own head [larynx] . FIRST laryngea] than in women, and is more exposed to the touch; and now and then, it is a twin,28 and it is especially observed in males. For in its middle, where the cartilage of humans is narrowest, and it protrudes most towards the front, a line is often extended along its longitude which when carefully cleaned of the fine membranes shows that two pieces of cartilage had been joined to each other even before the dissection. Now this is certainly unique to humans; the cartilage of cattle is simple, and the shape differs most from the cartilage of man. I should like this to be carefully observed by architects: for it is remarkable how the scutiform cartilage of cattle resembles the shape of a rampart, and how skilfully it is accommodated to lookouts in its higher seat (because of the special recesses cut into it), and how aptly aligned for deflecting the blows of artillery, just as if there were a certain portable machine which could be fixed into the ground by its two lower processes as by two stakes and placed in front of an army.
SECOND LARYNGEAL CARTILAGE [cartilago cricoidea]
The second cartilage is smaller than the first and larger than the third [cartilago arytenoidea], and the greatest part of it is placed back in the posterior seats of the larynx where the food passage (which we will call the stomachus with the Greeks29) [ cavitas pharyngis] is brought downward from the jaws. For as much as the scutiform cartilage falls short of being a perfect figure of a circle, to that degree this second cartilage completes a circle in its superior and posterior part. In its lower seat it completes a perfect circle whose anterior part beneath the root of the scutiform cartilage we perceive by touch in the frontal seat of the larynx. The 6, 7, 8) , one on each side, which you will soon hear are articulated into the ends of the third cartilage (V and X in figure 10) [basis cartilaginis arytenoideae]. Also, this second cartilage is joined to the first in the manner explained above, when I was saying that the lower processes of the first cartilage [cornua inferiora] join together with it. Indeed, so that the connection of these processes will be stronger, the second cartilage swells slightly (E and F in figure  8 ) at the point [facies articularis thyroidea] where the processes join it, and is thicker; in this protuberant part is seen the recess which receives the process of the first cartilage with great strength (L in figures 6, 7, 8). The lower portion of the second cartilage, where it constitutes the posterior of the larynx, appears quite thin, more stretched out below than the remaining seat of its inferior part. This is so that the muscles may take their beginning from a more remote seat, stretched straight along the longitude of the second cartilage and inserted into the third cartilage. To this [second] cartilage no name has been applied, and for this reason it will be called by us with a special name, the Unnamed [Innominata or innominate]. But if someone carefully examined its appearance and wished to compare it to the shape of something and finally from that to give it a name, he would discover nothing more fitting to it than that ring of the Turks, which they put on their right thumb when shooting the bow, so that with the aid of that ring they may pull the bowstring harder. For this ring, in the part where it faces the inside of the thumb, resembles the anterior seat of the second cartilage. But where it covers the outer seat of the thumb, it is more or less like the posterior region of the second cartilage, as it is possible to see from the picture of a ring which I provide in the margin.
THIRD LARYNGEAL CARTILAGE
The Greeks called the third cartilage of the larynx (figures 9, 10, 11) arytaina and arytainoeidjs31 (ladle, or V and X in figures 10, 11), occupying a slight and rather deeply engraved depression, by which it accepts the tubercle of the second cartilage; and so it is articulated so that it can be moved to the inner space of the larnyx and then again away from it. This is the most mobile of all the cartilages of the larynx. The base of either cartilage is broad, and comes to an end in its anterior seat in a long process (Y in figures 9 and 10) [processus vocalis] extending into the interior of the larynx. The upper parts of these cartilages (Z in figures 9, 10, 11) [cartilago corniculata dextra/sinistra],35 gradually opening apart on each side from the base (T in figures 10 and 11) [incisura interarytenoidea], and then becoming thinner and softer and rendered adipose, are joined together, and the upper part of the right cartilage being joined to the [corresponding] part of the left cartilage forms that seat of the larynx that matches the part of vases by which, we mentioned above, water is poured for the hands. Now in fact this part of the larynx is so soft and pliable that when people vomit it is bent forward into the inner space of the larynx and so perfectly covers the rough artery [the glottis] that not even the least of the vomit slips into the artery itself. And if in other respects this third cartilage is a twin constructed of two cartilages, yet we will not for that reason count it as two cartilages; but it will be considered just a single cartilage by me as it is by the other anatomists, and will be called the third, so that I might not seem unreasonably to confuse the opinions of those who have numbered rather than described the cartilages.
OPERCULUM OF THE LARYNX
To these three cartilages of the larynx another one joins [cartilago epiglottica] (figures 12 and 13), soft and in substance quite similar to the upper part of the third cartilage, which quite elegantly forms the covering of the larynx, carefully keeping any food or drink from running down into the larynx. This covering of the larynx is made wide and curved towards the front at the base (a in figures 12 and 13), away 32 The 1555 edition substitutes the more edifying picture of washing sails. 33 Several Greek words for "pitcher" were used in an anatomical sense for the various cavities of the body, e.g. &yy7i0V, &yyo;, K1TrO, T6Xx0q. Gk. KoyXoq and KoyX&piov were used of anything like a mussel shell (not to be confused with Eng. conch), e.g. the hollow of the ear, the socket of the eye, the knee-pan. considered the principal instrument of the voice. I will pass over how many times in Galen, both by the fault of the translators and of the writers of the Greek exemplar, y),6n&r;r is read for E'XryXcorri; and vice versa.42 But I will pursue this subject more fully in the appropriate place: here it suffices to have treated of the cartilages of the larynx so far as we need for the discussion of muscles in the second book.
OTHER CARTILAGES OF THE ROUGH ARTERY I will proceed in the same manner with the remaining cartilages of the rough artery (figures 14 and 15), which more or less resemble our letter C [cartilagines tracheales], together with everything pertinent to the rough artery, in Book Six. Now it will be timely to append the method and manner by which bones and cartilages are prepared for teaching, or are studied in Anatomy, viz. in accordance with the system by which I will always append after a description of the parts the prescribed method of dissecting them (as I consider appropriate to each occasion).43
BOOK II CHAPTER 21 ON THE MUSCLES OF THE LARYNX
Since, in the complete plates of the muscles placed in a series at the beginning of this Book, all the muscles of the larynx were unable to be placed on view, I have thought it not beside the point to exhibit the muscles of the larynx separately at the beginning of this Chapter, in this collection of figures.
The first figure represents the anterior aspect of the bone resembling the letter u [os hyoideum], freed of all its muscles, together with the front of the larynx and the seat of the stem of the rough artery [trachea] (which is in the neck), with no muscle of the larynx resected. What muscles are clearly visible here, the index of characters will clearly explain.
The second figure shows the same as the first from the right side, though here we have kept not so great a portion of the stem of the rough artery, and we have also resected the upper sides [cornua minora] of the bone resembling the letter U.
The third corresponds completely to the second, except that this one portrays from the posterior surface those things that the former did from the side, and here also the upper sides of the hyoid bone are still deliberately represented.
The fourth sets forth the anterior seat of the larynx with a portion of the stem of the rough artery, with the hyoid bone now resected, as well as the muscles [m. The fifth figure does not differ from the fourth in the order of dissection, offering the same objects of scrutiny as the fourth but from the left side.
The sixth is the larynx freed from the rest of the stem of the rough artery, represented in its posterior surface so that I would leave out no portion of the gullet [oesophagus] The twelfth differs from the eleventh in that it represents the lower seat of the larynx. 44 The "extrinsic muscles" of the larynx. the most, in the thirteenth. g Lest, perhaps, cartilages not marked by letters introduce some obscurity, we will mark them also. And so g is the first cartilage [thyroidea] presenting itself in its anterior portion [lamina] in figure 1, then in 2, 4, 5, 12, 13. h The first cartilage, presenting itself in its posterior surface in the third figure and in 6, 7, 8, 9. i The second cartilage visible in its anterior surface [arcus cartilaginis cricoideae] in the first, 2, 4, 5, 7, 8, 9, 10, 12, 13. k The second cartilage is seen in its posterior surface [lamina cartilaginis cricoideae] in the sixth, 7, 8, 9, 11, 12, 13.
1 The third cartilage [arytenoidea] occurs in the second, 3, 6, 7, 8, 9, 10, 11.51
I described the three cartilages of the larynx in the previous Book, counting the third cartilage [arytenoidJ, even though it be double, as a single one to avoid altogether confusing the opinions of other professors of anatomy. In addition, I
50 See note 47 above. 51 The letter "I" is placed on that part of the arytenoid cartilage that is designated cartilago corniculata in modem anatomical terminology.
reported that a similarly cartilaginous body, but yet endowed with a fatty and membraneous substance, lay upon these cartilages; it is called epiglottis. At the same time, I recorded that the glottis, a certain body or rather seat of the larynx, is located in its midst, quite similar to the small crack or fissure [rima glottidis] of the reeds [plica vocalis] through which reed-pipes are played. Now I shall examine the muscles of these cartilages, as I shall explain their nerves separately in the fourth Book. Since, therefore, the larynx is constructed from several cartilages so that it may be tightly closed and opened, and because the breath, when it is held and when we speak, ought to move [the glottis] by voluntary motion, and from our interrupted flow of air, Nature justly imparted to the larynx the motor muscles of the cartilages, some of which are peculiar to the larynx alone, others [e.g. figures 1 and 4 , the other is 0 in figure 5 ) leading to the lower parts of the larynx, in its forward portion towards the sides. These are short but wide, thin and fleshy; one lies over the other, and they cut between each other with fibres resembling the letter X.55 The exterior one 52 The 1555 edition rephrased the end of this sentence: ". Nature justly imparted to the larynx the motor muscles of the cartilages, some of which, both for origins and insertions, are attached only to cartilages and are therefore called particular to the larynx; while others, originating from other parts, are inserted in the cartilages of the larynx and its operculum, and are generally for that reason called common."
53 See note 51 above. 54 The 1555 edition omits the reference to Galen's De usupartium (3.558.16, May, p. 356), and substantially abbreviates the final two sentences of this section to read "We count eight common muscles, six inserted in the first cartilage and two in the operculum of the larynx. I shall now take them up in order of type, having befun my account from the intrinsic muscles." S The outline of these muscles "resembles" the letter X as drawn in figure 4.
[pars obliqua] takes the origin of its fibres from the lower seat of the first cartilage; these fibres proceed obliquely downwards in a forward direction and are inserted in the part of the second cartilage that faces forward. The interior [muscle] [pars recta] lying beneath this, in the origin and course of its fibres similar everywhere to the exterior [muscle], takes its origin from the seat of the second cartilage, which is beneath the first, and is implanted in the lower seat of the first cartilage. Its fibres ascend from the back part obliquely forward. These four muscles, two on a side, corresponding closely to the intercostal muscles, adduct the first and second cartilage in turn as they close the fissure [space between thyroid and cricoid cartilages, anteriorly]56 of the larynx. From time to time, and not infrequently in my lectures, I
have pointed out these four muscles, placed in just this way; sometimes, however, I have found only one on each side, keeping the orientation of the fibres of the anterior [pars recta] muscle described here, but at the same time it is a little thicker. But Moreover, these muscles clearly were also attaching the first cartilage more closely to the second, thereby tightening that fissure of the larynx. Of the four muscles joining the third cartilage to the second [musculi cricoarytenoidei laterales et musculi cricoarytenoidei posteriores], there are two on each side (R and P), of which one (P in figures 6 and 7) [m. cricoarytenoideus posterior] is located in the total posterior seat of the second cartilage following its longitude where it faces the gullet [oesophagus]; it originates, with a fleshy beginning, from the lowest part of the second cartilage, and then proceeding straight up it broadens out until it is inserted by a sinewy implantation into the seat of the third cartilage (they are joined to V and X in Plate B, figures 10-11) [cartilago arytenoidea, facies posterior] where it is articulated to the second. Through the length of the second cartilage, where it runs (N or 0 in figure 8, Plate B) [lamina cartilaginis cricoideae], so great a depression is carved out for this muscle that when it is removed on either side, the second cartilage seems to shrink away at that point into a sharp line (M in figure 8 , 56 Like the visor closing down in a knight's helmet. 57 figure 8 and 9 ). And so from this seat the present muscle, taking a fleshy and broad origin and stretching obliquely upward, is inserted in the third cartilage, occupying the entire seat of its own side of the root of the third cartilage not taken up by the prior muscle [m. cricoarytenoideus posterior]. These four turn the third cartilage on both sides backward to the outside of the larynx, opening the lingula [glottis] or, if you will, the larynx itself. Also, the two first muscles [m. cricoarytenoideus posterior], occupying the posterior seat of the second cartilage,58 bring it about by their direct motion, and the rest also, that they are endowed with an oblique location, and so also obliquely turn the third cartilage to the rear.
INTRINISC MUSCLES 9 AND 10
The ninth and tenth muscles [mm. thyroarytenoideil, which couple the third to the first cartilage, are single broad muscles on each side (a and b respectively in figures 8, 9, and 10) and are fleshy, like the others of the larynx. They originate next to each other out of the middle seat [angle] of the first cartilage (G and H in figure 4 , Plate B) along the entire length of its internal seat. The right one (understand the same about the left) shows its beginning as if it were triple because of certain marks so impressed upon it that by their presence the muscle seems triple. It climbs obliquely upward from its source and is implanted in the right front of the third cartilage [processus vocalis]. By these two the third cartilage is adducted to the first, and thanks to them the two parts of the third cartilage [ The eleventh and twelfth [m. arytenoideus transversus]59 (V in figures 6, 7, and 8) are located in the base of the third cartilage in the region where the larynx is joined to the throat [oesophagus] (H in figures 2, 3, 5) and the third cartilage is articulated to the second. They are single muscles from each side which take their origin from the base of the third cartilage where it is nearest to the first, and extending slightly upward along the base of the third cartilage, they end near the middle of the third cartilage (where its two parts are mutually joined), coming into contact with each other at this point. And so they are short, effective muscles, rounded on the outside somewhat in the manner of a pear, but on the inside throughout they are connected to the third cartilage, and where they meet they are wider and thicker than at their origin. Both muscles adduct the base of the third cartilage, and as they in turn compress the two parts of it, they close the lingula [rima glottidis, pars intercartilaginea], and tighten it. These too assuredly tend to show that the third is necessarily a twin cartilage, since if it were a single piece it could not be tightened by these muscles; and it follows, it could neither have been occluded by the two muscles joining the third to the first cartilage figure 7) . Therefore, out of the twelve intrinsic muscles of the larynx, eight close it: four connecting the first to the second, two joining the third to the first, and finally two located in the base of the third cartilage; but four abduct it, obviously the ones that join the third to the second [mm. cricoarytenoidei posteriores et laterales].
THE COMMON MUSCLES
Other muscles, which we call common [extrinsic] , are leaders of either motion by which the air passage or the lingula [rima glottidis] is opened and closed. The first two of these, one on each side (F in figures 1 and 2) [mm. thyrohyoidel], originate from virtually the entire lower seat of the hyoid bone; they are wide and fleshy, both next to the inner sides, and seem contiguous. Extending downward from here, and departing from the inner walls, each one is implanted into the lower seat [linea obliqua] of the first cartilage on its own side, of the same width as that of their origin. Throughout their entire descent, where they are stretched out along the anterior surface of the first cartilage, these adhere by fibrous connectors alone, in the same way as adjacent muscles are joined together. Further, at the insertions of these muscles, which stand out no less than their fleshy origins, two other muscles [mm. sternothvroidei] (one of which is G in figures 1 and 2) practically as wide are implanted in the first cartilage, taking their origin, with fleshy but not wide beginnings, from the inner region of the pectoral bone [manubrium sternl] in the throat. These muscles, extending upwards along the anterior seat of the rough artery and gradually rendered wider, are inserted in that seat [linea obliqua] of the first cartilage which we mentioned. The fifth and sixth of the common muscles of the larynx are transverse [m. constrictor pharyngis inferior] (I in figures 1, 2, 3, 4, 5), and there is one of these on each side embracing the gullet, for they take their beginning from the back part of the gullet where it faces the vertebrae of the neck, following the longitude of the gullet; they are so mutually continuous that you would almost say the origin of either is one and the same [raphe pharyngis]. Large and fleshy at their origin, they extend transversely forward and are longitudinally implanted in the sides of the first cartilage. Throughout their bulk, where they come into contact with the gullet, these muscles share thoroughly in their origin and extent. These muscles [m. constrictor pharyngis inferior] which we last reviewed contract the sides of the first cartilage to the rear, so pressing it against the second cartilage that they constrict the larynx also, or the lingula [glottis] . On the other hand, the muscles which proceed from the hyoid bone [m. constrictor pharyngis medius] pull the first cartilage somewhat upward from the posterior [parts] and dilate the larynx. The muscles from the pectoral bone inserted in the first cartilage [mm. sternothyroideil achieve the opposite function; for these lower muscles contract the seats of the first cartilage and turn them downward, at the same time somewhat contracting and tightening the rough artery, so that when a person utters a sound nothing will be repeated or extended excessively.
TWO MUSCLES OF THE OPERCULUM OF THE LARYNX
Besides these six, I have noticed two others [ligamentum hypoepiglotticum]60 (K in figures 2, 3, 4) , rather smooth and rounded and pulled up out of the middle interior seat of the hyoid bone and inserted one on each side in the root of that body
[epiglottis] (L in figures 2, 3, 4, 5) which is considered the operculum of the larynx.
These present themselves rather clearly to the eye (if only one knows the method of demonstrating them); but I believe they were unknown to Galen, since he has made mention of them in none of his works that are today extant; for one would assuredly not think they should be omitted from the number of the common muscles of the larynx. For although Galen said these were eight and at the same time described only six, yet he later added to his account that all eight were joined to the first cartilage. Further, to these two was credited the function of lifting the operculum of the larynx again after it has been closed for food or drink, for when their origins are pulled towards the hyoid bone, the operculum is seen to be elevated. Yet I have observed no muscles that perform the opposite function to these two; this is not surprising, since food and drink easily compress the turned-up, raised operculum of the larynx by their own weight, and weighed down also by its own mass, the operculum is quickly placed against the larynx. These are not, however, the only muscles deprived of opposites; there are also those by whose good offices we draw the straight intestine and the testes61 are said to be drawn upward. For the bodies which by their own nature better tend downward and do not perform their peculiar motion in a pull which is downward, are least in need of particular muscles for this action.
LIGAMENTS OF THE LARYNX
The larynx has absolutely no rare or peculiar ligament beyond the membraneous ligaments encircling the joints in a series of rings; then the lingula [vocal folds], an account of which was given in the preceding Book, is located in its mid part; it is shaped by the articulation of the cartilages, particularly by the parts of the third cartilage which face the first cartilage with sharp processes (vocal) You will first experience the construction of the larynx in a cow or a calf, then in a human. From whichever larynx, you will supply to your work cleaned cartilages to serve (as it were) in place of bones (which should constantly be present in the dissection of muscles); then, after the muscles proper to the hyoid bone have been dissected,64 two muscles [mm. thyrohyoidel] will immediately come to your attention proceeding from the hyoid bone to the first [thyroid] cartilage; freeing their beginnings from the bone with a small knife, follow them to their insertion [linea obliqua] by paring the muscles little by little from the cartilage. Then by the same method you will separate the muscles [mm. sternothyroidei] leading from the pectoral bone [manubrium sterni] to the first cartilage, taking them first from the bone and then pulling them gently from the rough artery [trachea] and tracing them to the first cartilage, where they are inserted. When you have inspected these four closely, make a section through the covering of the palate and the inmost parts of the fauces, and extract the larynx with the gullet [oesophagus] from the jaws in exactly the way butchers are accustomed to remove the larynges of cattle. Then when you have next freed the larynx with a portion of the rough artery and the gullet and removed it altogether from the animal, and after the tongue has been cut away you will present the entire larynx to your companion and fellow student of anatomy to hold. Such a companion in my painstaking study of the construction of the larynx was a young man of outstanding talent, Antonius Succha, the rare and great hope of our common city Brussels, and indeed of all Belgium, on account of his singular knowledge of medicine and mathematics.65 And so when the larynx has been prepared by this method, next inspect the muscles [m. constrictor pharyngis inferior, pars thyropharyngea] extending out of the posterior part of the gullet to the sides of the first cartilage. To facilitate this, divide them by a long section where the heads come together [raphe pharyngis], take the head of each with a small hook or your fingertips, and carefully separate the whole from the gullet as far as the sides of the first cartilage. It will be possible to learn the action of just six of these common muscles of the larynx, provided only you pull their heads on each side towards their own origins; this done, you will then and there free all of them from the first cartilage and you will concentrate your dissection on the two muscles [ligamentum thyroepiglotticum] which it is said are implanted at the root [petiolus epiglottidis] of the operculum of the larynx. 63 Vesalius' Administratio, more literally "technique of dissection": since Galen, who used £yXcipac1i, "undertaking, taking in hand, procedure", for dissection, the process was outlined as a step-by-step method. 64 The 1555 edition omits the preceding portion ofthis sentence, substituting "When the muscles particular to the hyoid bone have been dissected in order, . . ."
THE TWO MUSCLES OF THE OPERCULUM OF THE LARYNX
With a circular66 incision, cut the covering of the tongue which is common to the inner covering [tunica mucosa] of the palate, larynx, gullet, and finally the operculum itself, toward the root of the operculum, then take hold of it with a hook and strip it off like a skin. Soon the ends of those muscles67 will be clearly visible, which afterward you will trace to the hyoid bone by gently separating them from the fat lying nearest them and cut them away from the bone. To learn their function, depress the operculum of the larynx with your finger and when their heads are drawn toward the hyoid bone you will see the operculum being turned up, bent forward, and lifted.68 Now also you will remove these muscles [sic] as well as the gullet, and if you like, the operculum itself entirely from the larynx, so that the three cartilages of the larynx are left alone with the twelve muscles belonging to it. When, however, you cut away the remaining part of the rough artery [trachea] from the second [cricoid] cartilage, inspect the glandules [glandulae laryngeales] which are placed next to the human larynx and (as I shall explain in the Sixth Book) are to some degree fleshy. In cattle, you will find in their place a decidedly fleshy substance located near the sides of the second cartilage, similar to any muscle, which could be judged to be the seventh and eighth of the common muscles of the larynx in cattle, where the human possesses large and conspicuous glandules [glandula thyroidea] instead of this substance or rather instead of muscles, as I just now said.
HOW TO OBSERVE THE CLEFT OR LINGULA OF THE LARYNX
But it is now time for you to look into the exact form of the lingula or cleft [rima glottidis]. You will see that the larynx is broad in its higher and lower part, but in its middle it has an elongated cleft fashioned from that substance which we have stated. In order to distend and open this immediately with your own hands before looking at a section of the muscles, grasp the sides of the larynx with the thumb and middle finger of the right hand, meantime inserting the index finger into the interior space of the third cartilage; then put the thumb and index finger of the left hand into the lower orifice of the larynx and with those two fingers of the left hand try to pull the second cartilage away from the first and with the index finger of the right turn the third cartilage outwards. By this method you will see very clearly how the lingula is opened. But if you draw the second towards the first with your left hand, and push the third cartilage toward the inside with your right thumb and index finger, and in turn make its two parts close up, you will observe the lingula [rima glottidis] being closed exactly.69 Now I write these things at somewhat greater length, so that Galen may finally be understood, and those who today profess themselves followers of Galen may not hereafter contend that the operculum of the larynx is the principal organ of speech, or think that the glottis or lingula is the same body as the epiglottis or what is 66 The 1555 edition substitutes lunari "moon-shaped" for orbiculari to describe this incision. 67 A ligament, see note 45 above. 68 Upon their release, after being stretched, the elastic glosso-epiglottic, hyoepiglottic, and thyroepiglottic ligaments shorten to their original lengths. When you have examined these as well as possible, it will be a simple matter to remove the first cartilage from the remaining two with a small but sharp knife, or, if you wish, keep the third [cartilago arytenoidea] attached to the two muscles [mm. thyroarytenoideil binding it to the first, and later go on to the four muscles [mm.
cricoarytenoidei laterales et posteriores] connecting the third cartilage to the second. It will be possible to free these muscles from their origins, which start out from the second cartilage, and trace them to the third cartilage, into which they are inserted.
PARTICULAR [INTRINSIC] MUSCLES 11 AND 12
Finally, take away the muscles [m. arytenoideus transversus]71 which are in the base of the third cartilage, similarly also freeing their beginnings first, and scraping them away as far as their end where they touch each other, for by this kind of procedure it will always be possible without impediment to learn the function of the muscles while their beginnings are drawn toward the point from which they take their origin. figure 4 , Plate C). From here the sixth pair [nervus vagus], accompanied by the sleep artery and the inner jugular, descends to the higher seat of the thorax and soon puts forth a conspicuous branch [truncus sympatheticus]76 to the side of the first vertebra of the thorax, or rather to the anterior seat of the base of the first rib of the thorax; this branch goes beneath the membrane joining the ribs, along the base of the ribs, and takes in certain twigs [ before they leave the cavity of the thorax. What still remains to be narrated will be described as soon as I have inserted a figure into this scheme. 74 Following Galen, Vesalius' "fifth pair" of cranial nerves is composed of nervus facialis and nervus vestibulocochlearis. 75 Following Galen, nervus hypoglossus. The 1555 edition adds that the internal jugular vein is included in this bundle. 76 The sympathetic trunk is part of Vesalius' "sixth pair" of cranial nerves.
THE RIGHT RECURRENT NERVE
And so when the right nerve of the sixth pair [nervus vagus] has entered the cavity of the thorax, and moves among the arteries and veins in the throat, it puts out from its interior side two or three small branches which soon move on upwards in turn, constituting the returning nerve [nervus laryngealis recurrens] of the right side.77 For these small branches join together at the artery [arteria subelavia], which extends to the right armpit [regio axillaris], as if bent back on a pulley, and they make up a single nerve running upward next to the right side of the rough artery [trachea] . For when, for the first time, a single nerve is put together out of those little branches78 (in whose place sometimes a single one is seen) and goes toward the right side of the rough artery, and by the intervention of a membrane is attached to it, it runs to the right side of the larynx, pressing on the glandule [glandula thyroidea] (M in the diagram), which resembles other glandules neither in colour nor in substance, and is recognized at the root of the larynx here on the right side (as is another on the left). Just at that point where the nerve comes in contact with the larynx, it is divided into several twigs leading off into the muscles of its own side. I will add an explanation of what those muscles are after I have traced the left recurrent nerve leading to the left side of the larynx.
THE LEFT RECURRENT NERVE
The left nerve of the sixth pair [n. vagus], now having entered the cavity of the thorax, is unable to extend the branches of the artery propagated into the left hand so that they are bent back upwards because the artery [a. subelavia] runs to the armpit obliquely upwards, not transversely in the manner of the right artery. For the turning back of any nerve is in no way as safely accomplished on the oblique as it is on the transverse; indeed, if it is turned back toward the oblique rod [a. subclavia sinister] it gradually climbs upward, the turning point never keeping the same place; and the more the left nerve descends all the time to the base of the heart, the more it touches the trunk of the great artery [aorta] outside the envelope of the heart, which [pars descendens aortae] is extended downward toward the spine. Now here three or even fewer branches (R in the diagram, Plate D)79 are soon led out of the nerve [vagus] , which after bending backward at the trunk of the artery [arcus aortae] where it is deflected toward the spine, are in turn united and make up the left recurrent nerve. This nerve, proceeding upwards, is applied by means of a membrane to the left side of the rough artery; and as soon as it touches the larynx it is diverted into branches no less than the right nerve; all of which come to an end with their heads leading downwards into the muscles [ For when the present muscles acquire their heads in a lower position and have been destined to pull a body to be moved necessarily downward, we believe it is also inevitable that the animal's breath be drawn by them to some degree upwards from the lower parts. With how much industry the infinite Maker of our body had laboured to bring this about in the convolution of these nerves,80 you may discern both from the dissection itself, and from this concise narration of the distribution of the nerves, and from that diagram which we displayed beforehand. Likewise I urge that you go to Galen, who deservedly prides himself on having first discovered these bendings of the nerves. In the seventh Book of De usu partiumi81 he employs true hymns to God and asks for a more heedful mind than if you attended the Eleusinian, Samothracian, or any other divine celebration with sympathetic ears and listened attentively to what was said and done by the priests. For Galen justly believes that the celebration therewith given forth is in no portion inferior to these, and displays no less the unbelievable wisdom, foresight, and virtue of God, the maker of all.
BOOK IV CHAPTER 10 ON THE SEVENTH PAIR OF [CEREBRAL] NERVES
The seventh [nervus hypoglossus] and final pair of the nerves of the cerebrum, as it is harder than the other pairs, so also it originates from a harder beginning; for it starts out from the twigs that stand somewhat apart from each other, from the dorsal medulla [medulla oblongata] where it has just left the skull. From here is it moderately stretched in an anterior direction, and, its twigs coming together into one, it passes through a foramen [canalis hypoglossi] particularly carved for it. As soon as this seventh pair has exited the skull, it adheres to the sixth pair, and distributes some branches to the muscles that originate from the processes which imitate a stylus [processus styloideus]. Among these muscles is the second of the third pair of muscles peculiar to the hyoid bone [m. stylohyoideus] [TRACHEA] Yet it abounded also with cartilages so that it could become the organ not just of respiration, but also of speech. For just as it was suitable for the rough artery to be constructed out of membrane like the smooth arteries for the sake of respiration, so also to produce vocalization it needed to be fashioned quite broad, rigid, and hard in the manner of pan-pipes, reed-pipes, and trumpets. There should be a certain symmetry in order that a voice be made, and there should also be the strength of the bronze itself and of the material struck by it. Cartilage is certainly a substance of this kind, from which it was appropriate that the entire [rough] artery be made like a flute, without ligaments and membranes. But since without inhaling and exhaling a voice cannot be made in any way, and that necessarily requires compression and distension, we will justly praise the intelligence of the greatest Maker of things, who made the rough artery the convenient organ of respiration and the voice at the same time. And he showed such skill in the construction of the larynx, that it is able to be closed now more, now less, and by our own decision we are able to hold back breath itself often for great uses, and make our voice now heavy, now light according to how we tighten or relax that fissure (which is surely the chief instrument of the voice).
USE OF THE FISSURE [PLICA VOCALIS] OF THE LARYNX
Now it is this which we have said is like pipers' joined pieces of reed: and it also resembles that fissure which is in the pipes we hold in our lips. For it corresponds in use, if not in form, to the openings of horns and tubas which we place against our mouth when we blow into them. Then again this crack is comparable to the openings in the reeds of organs and to the opening of those reeds which we blow into transversely. Yet the larynx far surpasses the workmanship of all pipes, and it far surpasses the artifice of all orifices or fissures of the type in which sound is produced.82 It is so fashioned that we are able to relax it now more now less, and are 82 The last clause is added in the 1555 edition. "I have demonstrated in my book on the production of the voice that this larynx is the first and most important instrument of the voice." Galen, De usu partium 3.611.14 and 4.278.9, May, able to produce various voices, not just a single one (like the instruments of artisans). And, finally, such strength is placed in the thorax that at will we can emit now much, now little air just for breathing, or at the same time whatever air suffices for a vocal utterance that we wish to make during expiration.
GENERATION OF THE VOICE
You will be aware how essential it was that the second [cricoid] cartilage of the larynx form a perfect circle, and that the rough artery cannot be compressed here at the root of the larynx, if you have diligently learned that the voice is generated out of air driven from a wide passage into a narrow one and from here back into a wide one, and at the same time if you have scrutinized the uvula-the plectrum of the voice-and the palate constructed like a large, round space, and the cavity above it appearing in the sinuses of the nostrils [meati nash], and the caverns [sinus maxillares] of the fourth bone on either side of the upper maxilla, and likewise the teeth, the tongue, and the lips, and finally the musical instruments of artisans, and diligently compared the function of their components with these works of Nature.
USE OF THE LARYNGEAL OPERCULUM [EPIGLOTTIS]
It does not seem appropriate to enter here into a dispute about names by quarrelling about the name of this fissure [plica vocalis] and the operculum of the larynx, which many falsely count as the proper and principal instrument of the voice, although this operculum provides nothing to the voice except perhaps some modulation of it, and serves only (as we also mentioned in the first Book) to prohibit the fall of food and drink into the larynx in the process of swallowing. For besides having it clearly evident to our senses from true dissection that this has nothing to do with the voice, this fact should have been known to others through reason: for no muscle has ever been observed by others by which this operculum would be activated, nor indeed is it moved by any [except] those which we mentioned are brought to it from the hyoid bone, while in the meantime the remaining muscles of the larynx all serve the single function of widening and narrowing that fissure. In addition, you will recognize that the entire structure of the laryngeal cartilages is built because of it, if you have been fired by even the slightest spark of enthusiasm to learn the works of Nature and do not reject knowledge of them, like the most unworthy man ever created by Nature. For when you take in hand the larynx even of some dumb animal, you will take the greatest pleasure in admiring how the industry of artisans in preparing musical instruments follows the works of Nature.83
